Introduction {#S0001}
============

Primary liver cancer (PLC) is the sixth most common tumor and is the third leading cause of cancer death in the world. Every year, about 10,000 people worldwide suffer from this disease and thus die, of which over 90% are patients with hepatocellular carcinoma (HCC). The high incidence of liver diseases, such as hepatitis and cirrhosis, is also a hidden danger for the deterioration of HCC. In many cases, the surgical resection rate of HCC is only 20% to 30%; 5-year survival rate is 30% to 50%; the recurrence and metastasis rates are more than 60%.[@CIT0001]--[@CIT0003] The low resection and high recurrence rates of surgical operation force people to further study the molecular mechanism of the pathogenesis, metastasis and invasion of HCC, so as to develop more effective early diagnosis and treatment methods.[@CIT0004],[@CIT0005]

In the present research, we explored a new oncogene, derlin-1 (DERL1), and studied its role and mechanism in human HCC. The protein encoded by DERL1 is an endoplasmic reticulum (ER)-associated protein, which participate in ER-associated degradation response and unfolded protein response (UPR).[@CIT0006]--[@CIT0008] ER Stress and UPR can be observed in various tumors, which play important roles in tumorigenesis, and are closely related to tumor cell survival, tumor angiogenesis and apoptosis.[@CIT0009]--[@CIT0012] In the process of ER Stress, the expression level of DERL1 is up-regulated, and it can inhibit the apoptosis induced by ER Stress.[@CIT0013],[@CIT0014] Studies have confirmed that DERL1 protein can penetrate from ER to the cell membrane in tumor cells, and its high expression was observed in pancreatic cancer, liver cancer, breast cancer, colon cancer and esophageal cancer.[@CIT0015]--[@CIT0021] DERL1 is overexpressed in breast cancer tissues and is associated with lymph node metastases in breast cancer.

In this research, we investigate the role of DERL1 in proliferation, migration and apoptosis of human HCC cells. The purpose of the present study was to determine the functionary mechanism of DERL1 in vitro, and explore its potential as a new molecular marker and therapeutic target in human HCC.

Materials and Methods {#S0002}
=====================

Immunohistochemistry (IHC) and Histological Analysis {#S0002-S2001}
----------------------------------------------------

The HCC samples were fixed in 4%polyformaldehyde and followed by being embedded in paraffin wax. Sections were cut a thickness of 4 μm. Antigen retrieval was done by heating in a microwave for 12 min. Slides were blocked with goat blocking serum for 40 min and then were incubated with DERL1 antibody (Abcam, USA) at room temperature for 1 hour. The antibody binding was visualized using DAB Kit. Sections were then stained with hematoxylin. The result was observed by a microscope and all image processing was done using ImageJ.

Cells and Media {#S0002-S2002}
---------------

Human HCC cell lines, HuH7 and Hep3B, were purchased from the Type Culture Collection of the Chinese Academy of Sciences. HuH7 and Hep3B were cultured in Dulbecco's modified Eagle's medium (DMEM) medium containing 10% fetal bovine serum (FBS). Cells reached approximately 70% confluency were transfected with DERL1-specific siRNA (KD), control siRNA (CON), DERL1 overexpression plasmid (OE) or empty plasmid (C-OE) by Lipofectamine 6000 according to manufacturer's guidelines.

Real-Time Fluorescence Quantitative PCR (qPCR) {#S0002-S2003}
----------------------------------------------

Total RNA was acquired from HuH7 and Hep3B after transfected with DERL1 or control siRNA for 48 hours and reverse transcribed with Reverse Transcription Reaction Kit (CWBIO, China) following the manufacturer's instructions. DERL1 primers used for Real-time fluorescence quantitative PCR were as follows: For, 5ʹ - CACCTCAGTTTTTGTACCGCTG-3ʹ; Rev, 5ʹ- TCACTGGTCTCCAAGTCGAAAG −3ʹ. Cycling conditions were as follows: initial denaturation at 95°C for 30 seconds; 95°C for 5 seconds, 60°C for 30 seconds, 40 cycles. qPCR was performed on an H-4800 Real-Time PCR System following the manufacturer's instructions. The related mRNA level was normalized to GAPDH. Three repeats were performed in qPCR assay.

Western Blot Analysis {#S0002-S2004}
---------------------

For immunoblot analysis, total lysates of HuH7 and Hep3B cells were collected using RIPA buffer after transfected for 48 hours. Proteins were separated on 10% SDS-PAGE by electrophoresis followed by transfer to a PVDF membrane. Proteins were blocked with 5% blocking liquid and probed with the following primary antibodies (1:1000): DERL1 (Abcam, UK), Active Caspase3 (ProteinTech Group, USA), Bcl2 (ProteinTech Group, USA), Bax (ProteinTech Group, USA), AKT (Abcam, UK), p-AKT (Abcam, UK), cyclin D1 (ProteinTech Group, USA), p70 (Abcam, UK) and GAPDH (Abcam, UK). The immunoblot analysis was subsequently performed with ECL chemiluminescence. The intensity of proteins was quantified using Image J software. Western blot analysis was performed in triplicate.

Cell Proliferation Assay {#S0002-S2005}
------------------------

The proliferation of HuH7 and Hep3B cells was detected using Cell Counting Kit-8 (CCK-8).

Cells were transfected as described above followed by transfer into a 96-well plate at concentration of 3000 cells/well. Each experiment was performed in triplicate. The well was incubated with 10 μL CCK-8 solutions for 2 hours. Then, OD values were quantified on a microplate reader.

Migration Assay {#S0002-S2006}
---------------

Cell migration ability was estimated via transwell assay by using transwell chamber (Millipore, USA) according to the manual. Cells transfected with siRNA were seeded on a chamber at a density of 1×10^5^ cells/well and incubated for 48 hours. The chamber was fixed with 4% polyformaldehyde for 20 min, and then stained with 0.1% crystal violet for 10 min. The migration cell numbers were counted under a microscope in five random fields. Migrated cells were analyzed from triplicate determinations.

Apoptosis Detection {#S0002-S2007}
-------------------

Cell flow cytometry was used to evaluate cell apoptosis by fluorescent labeling of propidium iodide (PI) and Annexin v-FITC on cell surface. The cells were seeded and transfected as described above. After transfected for 36 hours, cells were starved for 24 h and then stained with PI and Annexin v-FITC. Apoptosis were analyzed using flow cytometry and Flowjo software from triplicate determinations.

Statistical Analyses {#S0002-S2008}
--------------------

All results in this study were expressed as mean ± standard deviation (SD). Data were evaluated using GraphPad Prism 7 (GraphPad software, Inc., USA) and SPSS v17.0 (SPSS Inc., USA). Statistical difference between CON and KD group were determined using the *T-test* to determine which groups differed. Differences with P value less than 0.05 were considered statistically significant.

Results {#S0003}
=======

DERL1 Is Overexpressed in Human HCC {#S0003-S2001}
-----------------------------------

With the development of sequencing technology, it is possible to explore the molecular mechanism of cancer through extensive cooperation by using large-scale sequencing-based genomic analysis. In 2017, Tang et al developed an interactive web server GEPIA, which could analyze the RNA sequencing expression data from the TCGA and the GTEx projects using a standard processing pipeline.[@CIT0022] Here, we assessed DERL1 expression level and prognosis value in human HCC using GEPIA. As shown in [Figure 1A](#F0001){ref-type="fig"}, a boxplot was plotted for human liver hepatocellular carcinoma (LIHC) patients, which were divided into DERL1 high expression group and low expression group. From these results, DERL1 level in tumor (red box) was observed significantly higher than that in normal tissues (grey box) (*P*\<0.05). In order to determine if there is a correlation between DERL1 expression and prognosis of patients with HCC, overall survival and disease-free survival curves were plotted. As shown in [Figure 1B](#F0001){ref-type="fig"} and [C](#F0001){ref-type="fig"}, there was no significant correlation between derl1 expression and prognosis of HCC patients (*P*\>0.05).Figure 1Bioinformatics analysis of DERL1 expression and prognosis in human hepatocellular carcinoma. (**A**) Boxplot of DERL1 expression in HCC was plotted. The red and grey boxes represent tumor and normal dataset, respectively. DERL1 level in tumor was observed significantly higher than that in normal tissues. Overall survival (**B**) and disease-free survival curves (**C**) were plotted for HCC patients with different DERL1 expression levels. DERL1 expression had no significant effect on the survival of patients with HCC. \**P*\<0.05.

DERL1 Overexpression Predicts Tumor Metastasis and Increased Diameter {#S0003-S2002}
---------------------------------------------------------------------

In order to further confirm DERL1 overexpressed in HCC, we collected tumor and adjacent normal tissues of 60 cases patients with HCC. All tissues were fixed and made into paraffin sections. Immunohistochemistry was performed to investigate DERL1 expression and its correlation with clinicopathologic features. Indeed, upregulation of DERL1 protein level was observed in HCC tumor tissues in comparison to adjacent normal tissues as shown in [Figure 2A](#F0002){ref-type="fig"}. DERL1 expressions were analyzed in each tissue using the methods described in materials and methods. The results showed that there were 47 cases of DERL1 high expression and 13 cases of low expression in 60 patients. High expression rate reached 78.3% (47/60). The relationship between DERL1 level and clinicopathologic feature was analyzed by *χ*^2^ test ([Figure 2B](#F0002){ref-type="fig"}). There is no significant difference in DERL1 expression among patients of different ages and sexes. Interestingly, DERL1 level was found to be higher in HCC patients with tumor diameter \>5cm than that in patients with tumor diameter ≤ 5cm (*P*=0.0234), and also higher in patients with lymph-node metastasis than that in patients without lymph-node metastasis (*P*=0.0474), suggesting that DERL1 overexpression predicts tumor metastasis and increased diameter in human HCC ([Figure 2B](#F0002){ref-type="fig"}).Figure 2Analysis of DERL1 expressions and its clinical significance in HCC clinical sample by Immunohistochemistry. (**A**) Representative pictures of immunohistochemical staining on human HCC samples for DERL1. Left panel shows the adjacent normal liver tissues. Right panel shows the HCC specimens. (**B**) The relationship between DERL1 expression and clinicopathologic feature was analyzed by *χ^2^* test. DERL1 expression was found to be higher in HCC patients with tumor diameter \>5cm than that in patients with tumor diameter ≤5cm, and also higher in patients with lymph-node metastasis than that in patients without lymph-node metastasis (*P*\<0.05).

DERL1 Knockdown Inhibited Cell Proliferation and Migration {#S0003-S2003}
----------------------------------------------------------

Although bioinformatics analysis and tissue staining suggests the upregulation of DERL1 in human HCC, it cannot determine whether DERL1 contributes to the occurrence and development of HCC. In order to confirm the regulatory role of DERL1 on oncology, DERL1 siRNA was transfected into human HCC cell lines, HuH7 and Hep3B, to build DERL1 knockdown cell lines (KD group) with control siRNA as the negative control (CON group). qPCR and Western blot were performed to detect DERL1 expression on mRNA and protein level, respectively. The data from [Figure 3A](#F0003){ref-type="fig"}--[C](#F0003){ref-type="fig"} confirmed that DERL1 expression was significantly suppressed in KD cells, which were used for subsequent functional experiments. The effect of DERL1 on proliferation was investigated by using CCK8 assay. As shown in [Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}, OD values of KD group after transfected with DERL1 siRNA for 48 h significantly decreased in comparison to CON group in HuH7 and Hep3B cells, suggesting a cell proliferation inhibition effect of DERL1 deletion.Figure 3Suppression of DERL1 inhibited the proliferation in HCC cells. DERL1 siRNA was transfected into human HCC cell lines, HuH7 and Hep3B, to build DERL1 knockdown cell lines (KD group) with control siRNA as the negative control (CON group). (**A**) qPCR was performed to detect DERL1 expression in CON and KD cells. The related mRNA level was normalized to GAPDH. DERL1 expression was significantly suppressed in KD cells compared with CON cells. (**B**) Western blot was used to confirm DERL1 expression in protein level. DERL1 expression was significantly suppressed in KD cells (**C**). CCK8 assay was performed to detect the effect of DERL1 on proliferation in HuH7 (**D**) and Hep3B (**E**) cells. OD values of KD group after transfected with DERL1 siRNA for 48 h significantly decreased in comparison to CON group in HuH7 and Hep3B cells, suggesting a cell proliferation inhibition effect of DERL1. \**P*\<0.05.

Transwell assay was performed to detect cell migration ability of HuH7 and Hep3B cells as shown in [Figure 4](#F0004){ref-type="fig"}. The migration cell numbers of KD cells were 240±20, reduced significantly compared with that of CON cells, 50±10 in HuH7. Similar results were obtained in other human HCC cell line, Hep3B. The migration cell numbers of KD cells were 270±15, reduced significantly compared with that of CON cells, 110±23 in Hep3B. These results proved that suppression of DERL1 could prevent the migration of human HCC cells in vitro.Figure 4Suppression of DERL1 inhibited the migration in HCC cells. (**A**) Transwell assay was performed to confirm cell migration ability of HuH7 and Hep3B cells. (**B**) The migration cell numbers of HuH7 (240±20) and Hep3B (270±15) cells transfected with DERL1 siRNA reduced significantly compared with that of HuH7 (50±10) and Hep3B (110±23) cells. These results proved that suppression of DERL1 could prevent human HCC cell migration in vitro. \**P*\<0.05.

DERL1 Knockdown Induced Cell Apoptosis {#S0003-S2004}
--------------------------------------

To evaluate the effect of DERL1 on cell apoptosis, DERL1 siRNA were transfected into HuH7 and Hep3B cells. Thirty-six hours later, cells were starved for 12 hours, and then harvested and stained with PI and AnnexinV FITC. The results of flow cytometry are shown in [Figure 5A](#F0005){ref-type="fig"}--[D](#F0005){ref-type="fig"}. Based on these results, apoptotic percentage of HuH7 and Hep3B cells transfected with DERL1 siRNA increased significantly compared with HuH7 and Hep3B CON cells, respectively, suggesting that DERL1 knockdown could promote the apoptosis of human HCC cells. The above changes of cell apoptosis actually should be caused by the expression changes of apoptotic factors. Hence, we next detected the expressions of apoptosis-related protein and found that Active Caspase3 and Bax, two important apoptotic factors, significantly increased in KD cells in comparison to the CON cells. On the contrary, the apoptosis inhibitory factor, Bcl-2 sharply reduced in KD cells compared with their CON cells in HuH7 and Hep3B cell line ([Figure 5E](#F0005){ref-type="fig"}--[G](#F0005){ref-type="fig"}). The above findings suggest that DERL1 knockdown induced cell apoptosis in human HCC cell lines.Figure 5Suppression of DERL1 promoted apoptosis of HCC cells. The effect of DERL1 on cell apoptosis was detected by flow cytometry. (**A**--**D**) Apoptotic percentage of HuH7 and Hep3B cells transfected with DERL1 siRNA increased significantly compared with that of HuH7 and Hep3B CON cells. (**E**) Western blot was performed to detect the expression of key proteins in cell apoptosis. (**F** and **G**) Active Caspase3 and Bax expression increased in KD groups, while Bcl-2 reduced compared with that of CON cells in HuH7 and Hep3B cells. \**P*\<0.05.

Overexpression of DERL1 Promoted the Growth and Migration in HCC Cells {#S0003-S2005}
----------------------------------------------------------------------

To further confirm the effect of DERL1 on HCC cells, we constructed the DERL1 overexpression plasmid and transfected it into Hep3B cells with an empty plasmid as the control (C-OE). As shown in [Figure 6A](#F0006){ref-type="fig"}, the protein level of DERL1 was significantly increased after the transfection of overexpression plasmid. Further, CCK8, transwell and flow cytometry were performed to detect the biological behavior of Hep3B cells. As shown in [Figure 6B](#F0006){ref-type="fig"}, OD values of OE group significantly increased in comparison to C-OE group in Hep3B cells. The migration cell numbers of OE cells were 330±35, increased significantly compared with that of C-OE cells, 200±15 in HuH7 ([Figure 6C](#F0006){ref-type="fig"}). These results proved that overexpression of DERL1 could promote the proliferation and migration of human HCC cells in vitro. Based on the results of flow cytometry, apoptotic percentage of HuH7 cells transfected with DERL1 overexpression plasmid decreased significantly compared with C-OE cells, suggesting a cell apoptosis inhibition effect of DERL1 overexpression ([Figure 6D](#F0006){ref-type="fig"}).Figure 6Overexpression of DERL1 promoted the growth and migration in HCC cells. DERL1 overexpression plasmid was transfected into Hep3B cells to build DERL1 overexpression cell lines (OE group) with empty plasmid as the negative control (C-OE group). (**A**) Western blot was used to confirm DERL1 expression in protein level. DERL1 expression was significantly upregulated in OE cells. (**B**) CCK8 assay was performed to detect the effect of DERL1 on proliferation in Hep3B cells. (**C**) Transwell assay was performed to detect the migration of Hep3B cells. (**D**) Cell apoptosis was confirmed using flow cytometry. \**P*\<0.05.

DERL1 Regulated the Activity of Akt Signaling Pathway {#S0003-S2006}
-----------------------------------------------------

To investigate the molecular and cellular mechanisms of DERL1 promoted tumor progression, the key genes in the tumor-related pathway were detected by Western blot. As shown in [Figure 7A](#F0007){ref-type="fig"}--[C](#F0007){ref-type="fig"}, phosphorylation of Akt significantly decreased in cells transfected with DERL1 siRNA compared to their control cells in HuH7 and Hep3B cell lines. The opposite result was observed in the DERL1 overexpression cells ([Figure 7D](#F0007){ref-type="fig"} and [E](#F0007){ref-type="fig"}). As key proteins of cell proliferation, P70 and cyclin D1 were also observed to reduce in cells transfected with DERL1 siRNA in HuH7 and Hep3B cell lines. These results demonstrated that DERL1 knockdown promoted the proliferation by inhibiting the activity of Akt signaling pathway in human HCC cells.Figure 7Suppression of DERL1 inhibited Akt pathway in human HCC cells. (**A**) Related protein levels of signaling pathway were detected to confirm the mechanism by which DERL1 regulated cell growth by Western blot. (**B** and **C**) Phosphorylation of Akt significantly decreased in cells transfected with DERL1 siRNA in HuH7 and Hep3B cells. P70 and cyclin D1 were also observed to reduce in cells transfected with DERL1 siRNA in HuH7 and Hep3B cells. (**D** and **E**) The expression levels of p-AKT, P70 and cyclin D1 significantly increased in cells transfected with DERL1. \**P*\<0.05.

Discussion {#S0004}
==========

DERL family consists of three members, DERL1, DERL2 and DERL3, are located in the ER membrane, mainly involved in the degradation of misfolded protein.[@CIT0023] The human DERL1 gene is located on the 8q24.13 and encodes a protein consisting of 251 amino acids.[@CIT0024] As an ER-associated protein involved in ER stress, the important role of DERL1 in tumors has been gradually recognized in recent years. DERL1 expression is upregulated in various malignant tumors, and several publications have reported its important role in tumor. In a related study, DERL1 is overexpressed in human breast carcinoma and protects cancer, and the expression of DERL1 was associated with the grade and axillary lymph node metastasis of human breast carcinoma patients.[@CIT0018] A recent research demonstrates that DERL1 is overexpressed and promotes malignant phenotype via PI3K/AKT/and ERK pathway in bladder cancer.[@CIT0019] In non-small cell lung cancer (NSCLC), DERL1 promotes tumor cell invasion through EGFR/ERK-mediated upregulation of MMP-2 and MMP-9.[@CIT0021] The overexpression of DERL1 is also observed in human colorectal cancer and cervical cancer.

However, its expression and function in human HCC remains unknown. In the present study, we assessed the expression and prognosis value of DERL1 in human HCC by using TCGA and GTEx dataset analysis. Our results demonstrated that DERL1 was abnormal high expression in HCC samples (n = 369) than in normal samples (n = 160). Similar results were obtained in 60 cases clinical samples that we collected from the local hospital. The high expression rate of DERL1 reached 78.3% (47/60). Interestingly, patients with a tumor diameter \>5cm have a high rate of DERL1 overexpression, as well as patients with lymph-node metastasis. Thus, we speculated that DERL1 operated as a tumor promotor in HCC, and its expression was posed as a predictor for tumor metastasis of human HCC.

To elucidate the specific function of DERL1, we suppressed its expression in two human HCC cell lines, HuH7 and Hep3B. Interference of DERL1 markedly blocked cell proliferation and migration, and induced the apoptosis of HCC cells in vitro. After overexpression of derl1, the proliferation and migration ability of cells increased significantly, while the number of apoptosis decreased significantly. In brief, our findings highlight the positive role of DERL1 in tumorigenesis of human HCC. Studies have shown that DERL1 affects tumor growth through Akt and ERK pathways in breast cancer and NSCLC.[@CIT0021],[@CIT0025] Therefore, we detected the expression and activity of key proteins in Akt and ERK pathways in cell groups. Phosphorylation of Akt was significantly inhibited in cells transfected with DERL1 siRNA compared to their control cells in HuH7 and Hep3B cell lines, while there is only a little trend (Hep3B) or no trend (HuH7) in phosphorylation of ERK (data not shown). Thus, we predicted that DERL1 knockdown promoted the proliferation by inhibiting the activity of Akt signaling pathway in human HCC cells. This result may be due to the organizational differences or limitations of in vitro experiments, suggesting that the mechanism by which DERL1 regulates cell activity still needs further study in more HCC cell lines and animal model.

In conclusion, the present study demonstrates that DERL1 is upregulated in HCC, and the first to report that DERL1 may be critical in the development and progression of HCC, which indicates that DERL1 may be a potential predictor of the progression of HCC. Furthermore, DERL1 contributes to the biological behavior regulation by targeting the Akt signaling pathway in HCC. Our findings expand the understanding of DERL1 functions in promoting solid tumor growth, and provide experimental and theoretical basis for further clinical application.
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